You are appointed director of a new large multi-discipline intensive care unit in an academic center. The hospital is affiliated with a medical school and as such there will be an adequate number of medical students, residents, and fellows (specializing in critical care) rotating through the unit. The unit will be a 'closed' (intensivist-led) model. In setting up the call schedule for the intensivists, you need to decide whether the mandate will be for the intensivists to provide 24/7 in-house coverage as opposed to off-hour coverage from home. You wonder about the sustainability of each model.
Intensivist coverage traditionally has followed the 'business hours' model used in other professions, with reduced availability during weekends, weeknights, and holidays. This type of staffing would be appropriate if the need for the service were limited to business hours or if delaying the service (for example, from the night to the next morning) did not have any negative consequences. Clearly, this is not the case in critical care. First, critical illness does not recognize the boundaries of business hours, and therefore qualified intensivists need to be available around the clock. Studies have demonstrated that 66% to 69% of intensive care unit (ICU) admissions are admitted during off-hours [1, 2] . Second, in no area more than in the ICU is the outcome of patients affected by providing the right treatment at the right time; delays in such treatment have been demonstrated to have negative consequences [3] [4] [5] .
Several studies have demonstrated increased mortality of acutely ill patients admitted during weekends, weeknights, and holidays, a phenomenon that has been attributed, at least in part, to lower staffing levels. A large Canadian study showed a significantly increased risk of death for patients admitted during weekends with several acute diagnoses, including ruptured abdominal aortic aneurysm, acute epiglotitis, and pulmonary embolism [6] . A study from California showed higher adjusted mortality for patients admitted from the emergency department on weekends compared with those admitted on weekdays [7] . Of note, a larger 'weekend effect' was observed in major teaching hospitals [7] . Similarly, a Finnish study showed that weekend and weeknight ICU admissions were associated with increased mortality even after adjustment for severity of illness [8] . In a multi-center pediatric ICU study, emergency admissions during evening hours had a higher mortality, especially for patients admitted with shock, congenital heart disease, or after cardiac arrest [9] . Investigators from the Cleveland Health Quality Choice program found higher mortality for weekend admissions compared with midweek (Tuesday-Thursday) which could not be explained by differences in severity of illness [10] . Data from the Mayo Clinic (Rochester, MN, USA) showed higher mortality for weekend surgical admissions even after risk adjustment [11] . Lower staffing level during off-hours was suggested as an explanation for the worse outcome during off-hours. In support of this explanation, a recent study of myocardial infarction admissions in New Jersey from 1987 to 2002 demonstrated that weekend admission was associated with fewer invasive procedures and higher adjusted mortality [12] . The mortality difference became non-significant after additional adjustment for invasive cardiac procedures, suggesting that reduced access to care on weekends was responsible for the mortality difference [12] .
Experience in treating complex ICU patients is an important determinant of clinical outcome and resource utilization [13] and there is evidence to suggest improved outcomes when care is delivered by intensivists compared with in-training physicians. Pollack and colleagues [14] 16 sites. The investigators found that admission to an ICU located in a teaching hospital was associated with reduced probability of survival. They found also that admission to an ICU with intensivists was associated with improved probability of survival. Post hoc analysis indicated that the higher severity-adjusted mortality in teaching hospitals may be explained by the presence of residents caring for ICU patients [14] . Training programs also seem to increase resource utilization. A study of 10,900 patients from Project IMPACT found that the presence of critical care fellows was associated with a significant increase in ICU length of stay after adjustment for confounding factors [13] . Additionally, several of the studies that showed worse outcomes on weekends and nights were conducted in academic centers with fellowship programs [11] . In fact, a larger 'weekend effect' of increased mortality was observed in major teaching hospitals [7] .
Recent evidence suggests that having continuous on-site coverage by qualified intensivists helps in ensuring consistency of care. Our ICU is a tertiary-care academic ICU that is covered 24/7 by in-house board-certified intensivists. The daytime intensivist makes the overall care plan and provides coverage throughout the week to maintain continuity of care. Endorsements at the beginning and the end of the night shifts ensure communication of the care plan to the on-call intensivists. Our data demonstrate that the outcomes are similar for patients admitted during weekdays, weeknights, and weekends [1] . Similar findings were found in a French study of 23 ICUs in which 24/7 in-house coverage was provided by a board-certified intensivist or an experienced intensivist intraining (who had to have completed 52 on-site night shifts as a resident) [2] . Jacobs and colleagues [15] described the results of implementing 24/7 in-house intensivist coverage in a cardiothoracic unit of a tertiary-care teaching hospital and reported a major reduction in the risk-adjusted mortality for coronary artery bypass graft surgery from 6.25% to 1.6% with a significant reduction in ICU length of stay. Gajic and colleagues [16] reported a before-and-after study of the impact of developing 24/7 in-house intensivist coverage in the ICUs of the Mayo Clinic. The study showed improved processes of care, improved staff satisfaction, and decreased ICU complication rate and hospital length of stay [16] . Similarly, Hixson and colleagues [17] examined the outcomes of patients admitted to a pediatric ICU staffed 24/7 by inhouse pediatric intensivists. The investigators found that, after controlling for important clinical differences, neither weekend nor evening admission had a significant independent effect on mortality risk.
Recognizing the impact of intensivists on patient care and efficiency, the American College of Critical Care Medicine and Society of Critical Care Medicine have recommended 24/7 intensivist coverage as the ideal model for the provision of critical care [18, 19] . In summary, critically ill patients admitted during off-hours should get the benefit of being managed by an in-house intensivist, who is more likely than in-training physicians to make the right decisions in the first critical hours of ICU admission.
Con: 24/7 in-house intensivist coverage should not be implemented
Advocates of 24/7 in-house intensivist coverage base their arguments on the presumption that adverse outcomes during off-hours are related to lower staffing levels. However, such adverse outcomes may not necessarily be related solely to differences in intensivist staffing but may also be related to lower levels of staffing in nursing, respiratory therapy, or other medical and non-medical ancillary services or to lower level staffing of 'upstream' departments where the ICU patients originated from. Additionally, worse outcomes of patients admitted during off-hours may be related to greater severity of illness. In a study from the UK, crude mortality was higher for weekend admissions and remained after adjustment for the UK APACHE (Acute Physiology and Chronic Health Evaluation) II. However, after adjustment to APACHE II components, the differences became insignificant [20] . A study from the Mayo Clinic found higher crude mortality for weekend admissions. However, the mortality difference became insignificant when adjusted to APACHE III for medical and multispecialty (but not surgical) ICU patients [11] .
Additionally, the advocates of 24/7 in-house intensivist coverage note that in-training physicians provide care that is inferior to that of intensivists; therefore, the former should not take a central role in managing critically ill patients during off-hours. However, this notion may not be entirely true; the higher mortality observed in teaching institutions may not be related to care delivery by in-training physicians but rather to greater severity of illness. Zimmerman and colleagues [21] have demonstrated that teaching hospitals care for more complex patients and achieve better riskadjusted survival rates. However, these hospitals have higher production cost, which is driven in part by prolonged length of stay.
In fact, good outcomes can be achieved by having experienced in-training physicians as demonstrated in the French study which included ICUs covered by either intensivists or in-training physicians [2] . Admittedly, because the study did not compare ICUs with consultants to those with in-training physician coverage, firm conclusions cannot be reached on this issue. Furthermore, the French system includes direct admissions to the ICU from the community by the French Emergency Medical Service, in which the switchboard is staffed by physicians and the ambulance team is led by a physician (anesthesiologist or general practitioner trained in emergency medicine). Therefore, even if some of the ICUs are staffed by in-training physicians, other experienced physicians are involved in the care from the onset. Does having 24/7 in-house intensivist coverage improve patient outcomes? The intuitive answer is yes. However, the supporting evidence is based mainly on a few observational studies. In fact, concerns about continuity of care with shift work have been raised [22] .
Manpower requirements of 24/7 in-house coverage are significantly higher than the traditional coverage system. Depending on the coverage arrangements, it is estimated that 5 full-time equivalents (FTEs) are required to provide 24/7 inhouse coverage by one intensivist, and this number may be significantly higher in large ICUs with multiple teams. The severe international shortage in qualified intensivists makes the wide implementation of this model challenging at present and even unlikely in many non-tertiary-care hospital ICUs in the near future. A study of 5,980 ICUs in the US estimated that in-house physician (of any level) coverage was provided in only 20% of ICUs during weekend days, 12% during weeknights, and 10% during weekend nights [23] . The study also found that only 4% of all adult ICUs met the full Leapfrog standards (a high-intensity ICU staffing pattern plus dedicated attending coverage during daytime plus dedicated coverage by any physician during nighttime). A Canadian survey found that dedicated in-house physician coverage overnight was available in only 60% of ICUs by any physician and in 15% by ICU staff. The study found that 48% of physicians who provide overnight staffing had less than 3 months of ICU experience [24] .
The direct financial implications of 24/7 in-house coverage can be substantial. Regardless of whether a health system has a salaried or fee-for-service intensivist remuneration system, 24/7 in-house intensivist coverage can be implemented only if significant extra funding is secured to support additional manpower or to compensate for working increased unsociable hours. Additionally, if such coverage is to be implemented universally, this will significantly increase the cost related to ICU admissions, which is already very expensive [22] . Arguably, the system is probably cost-effective by reducing morbidity and mortality, but the evidence of costeffectiveness is lacking at present.
Additionally, in-house 24/7 coverage is perceived to have unfavorable lifestyle implications as it implies working at personally valuable times (evenings, weekends, and nights) [25] . This area has not been studied with the in-house intensivist model, but some inferences can be made from other specialties with shift work. In a survey of 37 pediatric emergency departments, physicians from only eight programs (22%) believed they could practice after 50 years of age. Shift work and overnight shifts were given as the most common reason. Stressed physician groups were significantly associated with programs whose attending physicians covered at least 85% of the night shifts (P < 0.04) and reported excessive clinical workload (P < 0.002) [26] . Fatigue, exhaustion, and burnout have been attributed to prolonged in-house hours and to night work in residents [22] and intensivists [27, 28] . Additionally, there are concerns that such a system may make the critical care specialty a less desirable career option, which may further confound the already existing intensivist shortage.
Furthermore, the educational impact of removing the residents and fellows from being the main frontline decision makers is yet to be studied against the value of having immediate supervision around the clock by a qualified physician.
Other manpower alternatives of in-house intensivists, such as hospitalists [29] , anesthesiologists [2] , and nurse practitioners [22, 30] , should also be explored. Having an in-house after-hours hospitalist-based system with intensivist off-site back-up was shown to reduce mortality and length of stay compared with a resident-based system in a pediatric ICU [29] . However, hospitalist-based versus intensivist-based systems have not been compared. Additionally, protocolized ICU and tele-ICU have been proposed as alternatives to 24/7 intensivist coverage. In one study, protocolized ICU care driven by intensivist rounding during the day was associated with the same mortality and morbidity as 24-hour in-house intensivist coverage [31] . The application of tele-ICU technology represents an exciting alternative for in-house intensivist coverage [32] , with emerging evidence suggesting that the implementation of a tele-ICU program is associated with improved clinical outcomes and hospital financial performance [33] .
Conclusions
Although 24/7 in-house intensivist coverage potentially has several clinical, educational, financial, and occupational implications, our primary focus should be patient outcome. Studies have demonstrated that having an intensivist improves patient outcome [34] [35] [36] [37] and that ICU staffing intensity is associated with better patient outcome [38] . In the last two or three decades, the young critical care profession has made several milestones by introducing the intensivist concept and closed-unit model. Having an intensivist has been considered 'the most effective intervention to improve survival of the critically ill that has been devised in the past 30 years [39] , and critical care medicine has become a focus of national interest in several countries. Twenty-four/seven inhouse coverage gives all ICU patients the opportunity of being managed by a qualified intensivist at the most critical time of their illness and represents a natural progression of the profession. Therefore, I would recommend 24/7 in-house intensivist coverage for tertiary-care ICUs like the ICU under question. Data are still awaited but, like having an intensivist [40] , 24/7 in-house coverage is likely to be cost-effective, especially in large ICUs, and is likely to result in enhanced critical care training. I would also recommend appropriate financial compensation and creative scheduling to reduce the lifestyle burden of 24/7 in-house coverage and to ensure continuity of care [41] . Critical care societies should cam-paign for this model as an initiative for patient safety and quality improvement.
